Measurement of the Branching Fraction and Search for Direct CP-Violation in the Radiative Decay B to K*Gamma with the BABAR Detector by Colberg, Tilmann
  	
    	  !"#$
% &'() * + ,- . / 021 34,5#$
  6 %785#9: + (;=<  > ? @BA















´Dµ ¦WYmSVlm`#YaMcO ¶·¬ OiIVo µ yzO µN¸ XeSVWNkj¹ µTº lm`3WN°McO»Y
² µ ¦WYmSVlm`#YaMcO ¶·¬ OiIVo µ yzO µN¼ McOiKN`nSVOiL º ªNSDSVK
½µ ¦WYmSVlm`#YaMcO ¶·¬ OiIVo µ yzO µ GMPOgSVXwLF| dw~DMcK







^FI8LNMPX#SVKNLSlSVKLNdeLnSpYgMIVo8Yg`M kaMS]Oalm`GoÙIDOÚfRMÇh¬ `#®,kidelPk µ r`M2WkaMcLLnS]YgSkgSVb)ªNXeM¢IVo²D² µÜÛÞÝu´ ³Vß
Ê Ê$LNMPlS®8kcÕ]lcIDOiOaMckiª*IVKNLNdeK~uYaIRS]KdwK#YgMc~VOgS]YaMcLGXeWNb)deKIDkadZY­®RI]on²V³ µàÛ oÙ°*ánâãÕ\`nS]ks°McMPK
OiMclPIDOaLNMPLSpY
Ya`NMjäÏæå3çJÓOiMckiIDKnSVKNlPMhjdwYg`Ya`NMjèéèésê_LNMÇYgMclÇYgIDOJSpYYg`NMjS]ki®8bb)MPYaOadwlëxìë]á)lcIVXeXedwLNMcO¬J|J¬«Øíaí
IVoÚYa`NM º YmSVK,oÙIDOaL;îdeKNMcSVOïRlclcMPXeMPOgS]YaIDOu¯McK#YgMPOÏ º îïu¯ÓdeK;¯SVXwdwoÙIDOiKNd}S µ r`NMÊ	Ë Í Î Ô_°NOgSVK8«
lm`NdwKN~_oÙOaSVlPYadeIDKNkSVOaM"b)MS]kaWNOiMcLdeKYa`NM-oÙIDWOLNMclcS®b)I,LNMPk¤Í Î­ð Ë Í ð*ñBò ÕJÍ Î­ð Ë Í-ó ñÚð Õ
Í ÎØò Ë Í ì*ñá ÕnSVKNLFÍ ÎØò Ë Í-ó ñò µ r`MhMcdw~D`#YgMcLFSvDMPOgSV~DMIVosYg`NMOaMPkaªMclÇYgdwvVMY­hI)lm`nSVOa~VMcL
SVKLKMcWYaOgSVX#b)I,LMckB®8deMPXeLNkÚô¦ÏæÊ ò Ë Í ÎØò ÔÞÓJõ7Ïæåöà² ½j÷ ³,öøå#³NÏækiYgS]YöøÓ ÷ ³öÜ²D²NÏÙki®8kcöàÓaÓ Ý´ ³ á8ù S]KNL
ôzÏÑÊ ð Ë Í Î­ð ÔÞÓ õ7Ï ½ öøÐ ½j÷ ³öøú#²NÏæk»YmS]YcöàÓ ÷ ³öà²V²NÏæk»®,kPöûÓiÓ Ý´ ³ á8ù µ ïükaMS]Oalm`oÙIVO(LNdeOiMclÇY'ýþs«
v8deIVX}S]YadeIDKdwKYa`NMÿNOakiYYg`OaMcM)kaMPXwo}« YmSV~D~VdeKN~ b)I,LMckXeMS]LNk¦YgI(S=lcIVb°NdeKMcL ýþs«­SVki®8b)bMÇYgO»®IVo
 ÏÑÊË Í Î ÔBÓRõR³öø³VåDå ÷ ³öø³ Û únÏÙkiYgS]YöÜÓ ÷ ³öø³ ´ ²NÏÙki®8kcöàÓÇÕlcIVKNkiYaOgSVdwKNdeKN~"Ya`NMýþÚ«Øv8deIVX}S]YadeKN~
lm`nS]Oa~DMSVk»®,b)b)MPYgO»®-YaI°M±³,ö ´\Û	  ÏÑÊË Í Î ÔBÓ 	 ³öÜ³VÐ)SpYuÒD³
 lPIDKÿnLNMPKNlcMXeMÇvDMPX µ
QnWNOiYa`NMcOibIDOiMVÕYa`NM ñ òi«­OiMclPIDKNkiYaOaWNlÇYgdwIDK_MlPdeMPKNlP®;SVKL_bSVkakjLNdwkiYgOide°NW,YgdeIVK deK Yg`NMOaMcSVXLnS]YgS
kiMPYubMPK#YgdeIVKNMcL;SV°IxvDMSVKNL=dwYaklcIDOiOaMPkaªIDKNLNdwKN~^FIDK#YgM¯SVOaXwI¤kadwbWNX}SpYgdeIVK-deklPIDb)ªnSVOaMPL=WNkadwKN~
 ´ «­IDK8« ´ LNMclcSx®8k"dwK#vDIDXZv,dwKN~5IDKNM_IVO)Y­hIOaMPkaWNXZYgdeK~ ñò bMPkaIDKNk µ QnIDO ñò McKNMPOa~DdwMck-WNªYaI ½µ GMÇHÕ¢S_lcIDOiOaMPlPYgdwIDK!oæSVlÇYgIDO
IVo




 Ä DÅÂÂ "!$#
yzdwM±`NdwMcOvVIDOa~VMckiYaMcXwXwYgMztRK#YgMPOakaWlm`8WKN~-LNMPkOgSVLd}S]YadwvDMPK"McXwMcU#YgOiIDkalm`#hSVlm`NMPK(É#¬ deKN~VWNdeKNÉp«%ÞMcO»oæSVXeXwk
Ê	Ë Í Î ÏÑÐDÒ#²VÓÔsÕ¢LNMPOLNWOalm`LNMPKÈ º lm`NXwMcdZoÙMcKNÉ]« [tR°McOi~#SVKN~FÖ)Ë ×Ô k»YmS]YiYaÿnKLNMPYcÕkiYaMcXeXZYMPdeKNMPK
hjdwlm`3Yade~DMPKrMPkiYLNMPk º YmSVKNLNSVOaLNb)I8LNMcXwXekuWNKNL5McdeKMcK ¸ SVKNLNdwLnS]YaMcKoã[WNO±LNdwM º WNlm`MKnS]lm`fuMcWNMPO
¬ `#®8kadeU±LnSVO µ yzMPO°*MPK8W,Y { YaM2y¦S]YgMPKNkgS]Y { deK'&[ID`NMvDIVK²D² µàÛÞÝj´ ³ ß Ê Ê(%ÞMPOioi[SVXwXeMPKBÕMcdwKNMcOdwK#YgMc~VOadeMPO»«YaMcK(îWNb)deKIDkadZY\[S]YvVIDK²]³ µàÛ oÙ° ánâ McK#YgkiªNOaMPlm`NMcKNLÞÕBhjWNOaLNM
SVWoLNMcO±äÏæå3çJÓ­«­¹uMPkaIDKNSVK { bdZYjLNMcbèéèésêB«yzMPYaMcU#YgIVOzSVb SVk»®8bb)MPYaOadekilm`NMcK(ë ì ë á « º ª*MPdelm`NMPOaOadwKN~"¬J|J¬¢«­íiíLNMck º YmSVK,oÙIDOaLîdwKNMSVO
ïRlclcMPXeMPOgS]YaIDO¯MPK#YgMcOik;Ï º îïu¯ÓS]WoÙ~DM { Mcdwlm`NKNMPY µ yzdwM-ÊË Í Î Ô HJMPO { hMPde~DWNK~DkivVMcOa`[SVXwYaKNdekikaMhjWNOiLNMcK deKLMcKv8deMcO%ÞMcOioæS]XeXekiUpSVKÚ[SVXwMcKÍ Î­ð Ë Í ðñò Õ2Í Î­ð Ë Í-ó ñÚð Õ2Í ÎØò Ë Í ì*ñá WNKNL
Í ÎØò Ë Íó ñò ~DMPbMPkakiMcK µ y¦S]k¤~DMPhjdwlm`3YaMPYaM^FdZYaYgMPXLNMcO*)iMPhMcdwXek { hMcdu~DMPX}SVLNMPKNMcK WNKNL:KNMcW8«YaOgSVXwMcK ¸ S]KÚ[SVXeMGMPOa~Ddw°Y±kidelm` { W(ôzÏÑÊ ò Ë Í ÎØò ÔÞÓõ ÏÙåNöÜ² ½u÷ ³,öøå#³NÏækiYgS]YöÜÓ ÷ ³öà²V²NÏæk»®,kPöàÓiÓ Ý´ ³ á8ùWNKL"ô¦ÏæÊ ð Ë Í Î­ð ÔÞÓJõ Ï ½ öøÐ ½2÷ ³öøú#²NÏÙkiYmSpYöøÓ ÷ ³öÜ²D²NÏÙki®8kcöÜÓaÓ Ý_´ ³ á8ù µ | deKM º WNlm`MzKnSVlm`"LdeOaMPUD«
YaMcO ýþÚ«ØHJMPOaXwMPY { WNKN~ dwKLNMcKMcOikiYaMcK5LNOaMPd ¸ SVKÚ[SVXwMcK(oã[WN`NO»Y { WMcdwKNMcO { WNkaSVbb)McK~DMPoæSVkikiYaMcK ýþs«ïRki®8bb)MPYaOadwMvDIDK * ÏæÊ	Ë ÍÎiÔÞÓJõ+R³öø³VåDå ÷ ³öø³ Û únÏÙkiYgS]YöÜÓ ÷ ³öø³ ´ ²NÏÙki®8kcöàÓ¢WNKNL)°*MPkalm`NO[SVKNU#Y
kiIDbdZY;LNdeM ýþÚ«ØvDMPOaXwMPY { McKNLMîÚSVLNWNKN~Vk»«­ïRki®8b)bMÇYgOadwM!S]Wo,±³,ö ´\Û-	  ÏÑÊË ÍÎiÔÓ 	 ³öÜ³VÐ°McdMPdeKNMPb ¸ IDKÿnLMcK { «fRdZvDMcSVWFvVIDK_ÒV³
 µyzMck/.!MPdwYaMcOaMPK;hjWOaLNM
LNdeM¹jMcUVIVKNkiYaOaWNU#YgdwIDKNk«|0 { deMPK { WNKL_LNdwM^FSVkakiMcK#vDMPOiYgMPdeXwWNKN~-om[WNO ñò «^FMPkaIDKMcK deb IV°Nde~~DMcKNSVKNK#YgMPK OaMS]XeMcK"y¦S]YgMPKNkgS]Y { WNKL"LNMcO { WN~VMc`Ú[IDOide~DMPK ^FIVK3YaMÇ«¯SVOaXwI]« º dwbW,«XeS]YgdwIDK vDMcOi~DXedwlm`NMcKÞÕÞWNK#YgMPO±HJMcO»hMPKNLNWNK~"vDIDK  «­É ´ «Ø~DMc~VMcK,« ´ É]«%ÞMPOioi[SVXwXeMPK bdZYRMPdeKNMPb I,LNMPO { hMPdOiMckaWXwYgdwMcOiMcKNLNMPK ñBò k µ Q±[WNO ñò «­| KNMcOi~DdeMPK1  u°Ndwk { W ½,µ2 ¦MPHhjWNOaLM
MPdeK ¸ IDOaOiMcU#YgWNO»oæSVU#YgIDOjdwK&[ID`NM±vVIDKÏ  öÜ³ ÷ ²,ö  Ó























































































































































½µ ² µÜ½ r`MyzMÇYgMclÇYgIDOjIVoí­K#YgMPOaKnSVXwXw®"¹uM~nMclÇYgMcL(¯`NMcOiMcKNU]Ixv_îdw~D`#Y µµ
µµ
µGµ ²VÐ





½µ ² µ2 r`M º Wª*MPOalcIVKNLNWNlÇYgdeK~ º IVXeMcKIDdeL=SVKLFí­KNk»YgOiWNbMPK#YgMcL_Q¢XeWPt8«­¹uMÇYgWNOiK µ ½ ²
½µ ² µ ú r`M







  ]KNP_cCeNPWhNPfgC\?BDK_ {
å µZ´ r`NM









































































































å µÜÛ,µ ² º WNªNªNOiMckikadeIVKFIVoÏ ^;McOa~VMcLTÓ ñò kuSVKNL1&±S]LNOaIDKdel º ªNXwdwY»«izÞk µµµ
µµ
µ å ½




















































å µZ´ ² µZ´ ï±KN~DXwM¦°*MÇY­hMPMcK&Rde~V`,«| KNMPOa~V®=¬ `NI]YgIDK;SVKNL;r`NOiWNkiYRït,dek µµµ
µµ
µ ]½















































s  f?BNP_[fgcC\J[dX?hNPA  {



























































,µ ² µø½ y¦S]YmSV^(¯ ¯IVKNkadwkiYgMPKNlP® oÙIVOj| vVMcK#Y º `nSVªMckRSVKNL ¸ deKNMPb-S]YadelPk µ
µµ
µ Û ³

























































































































  CYL\TnfgC\?hDK_ DGFC\kMN$ýþ Z A=NCYLY ¡Gs












































































































































© Í Îª opTnAbA,ek[T¤N ]M?
¯ µw´ r`NM
































 -Tnf\¬eIGL\DcJ[_[d © DK¤DKA?qC\?hDK_cC\JXd[?hN^A ? 


































Z ¬_MD^®¯WhNPd[IGNPNP_cC\A ° ?±?B?



























































































































































































































µGµ  åå µ ² ´ í­XeXwWNkiYaOgS]YadeIDK"I]o¢Yg`M





























































å µ ²VÒ¨9 ó)°*MÇoÙIDOaMSVKNLFS]oqYaMcOOaMPkalcSVXedwKN~¤Yg`NMGªN`NI]YgIDK=McKMcOa~]® oÙIDOjÍ ÎØò Ë Í ì*ñ¢á µ
µ ú ´

























,µø½ y¦S]YgSp«»^_¯lPIDbªNSVOadwkaIDK oÙIDOU3deKMcbS]Ygdwl±v]SVOadeSV°NXeMPkdeK ^ ´ «­IDK,« ´ LNMclcS®,k µ
µµ























































































































² ³ <7 4µ´ à áâ ãX8º<











,µw´ ¹uMPlcIDKkiYgOiWNlPYadeIDK;M)lPdeMcKlcdeMPkuoÙOiIDb YaOaWYa`,«­bS]Yalm`NMcL;kadw~DKnSVXB^FIDK#YgM¯SVOaXwI µ µGµ úVå












































































ú µ Ð º ®8kiYaMcbS]YgdwlWKNlcMPOiYmS]deK#YgdwMckoÙIDOYa`NMGô¦ÏÑÊÌË Í Î ÔÞÓb)MSVkiWNOaMPbMPK#Y µµµ
µµ
µGµ Ò#²
ú µ Ò r`NMô¦ÏÑÊË ÍÎaÔBÓb)MS]kaWNOiMcb)McK#YgkuIVo¯îs|ÔiÕ ¼ |JîÚîÚ|SVKNLFèéèéê µµ
µGµ Ò ½


































































| µÜÛ ¯IxvVS]Oad}S]KNlcMGbS]YgOid­t-IVo  ÿNYjoÙIDOjÊ ð Ë Í Î­ð ÔsÕøÍ Î­ð Ë Í ð ñ ò µµ
µµ
µGµ t,dedwd
| µ Ð ¯IxvVS]Oad}S]KNlcMGbS]YgOid­t-IVo  ÿNYjoÙIDOjÊ ð Ë Í Î­ð ÔsÕøÍ Î­ð Ë Í-ó ñÚð µµ
µµ
µGµ t,dedwd
| µ Ò ¯IxvVS]Oad}S]KNlcMGbS]YgOid­t-IVo  ÿNYjoÙIDOjÊ ò Ë Í ÎØò ÔsÕøÍ ÎØò Ë Í ìÞñ¢á µµµ
µµ
µGµ t,dedwd







ô â â ¹ 8öõ ³ á÷7 ³ 4ø5 <
Z | © Z KNSVXeID~YaI¥|=dw~DdwYgSVX © IVK3vVMcO»YgMcO
 Z  Zù úTNKNL1°TL|0t,ªMcOideb)McK#Y
©lû o © SV°de°N°I]« û ID°nS®#S]ka`Nd «oSVkaUpShS
© o © MPK3YaMcOjIVovoSVkak
©ü © `nS]Oa~DM ü SVOadZY­®
| ©lý | OidwoqYþfOksSVb°McO
|R ù© | MÇYgMclÇYgdwIDK=IVo0?ÙK#YgMPOaKnSVXwXw®¯L\M~nMPlPYgMPL © `NMPOaMcKUVIxvFîÚdw~D`#Y
 o ©  XeMclÇYgOiISV~DKMPYgdwl © SVXwIDOadwbMÇYgMcO
H ©-ÿ"© HXeSvDIDWNO © `nSVK~DdeKN~ ÿ McWYaOgSVX © WOaOaMPK#Ygk
H * HOiIDK#Yi«  KNL  XeMPlPYaOaIDKNdwlck
RH ù RÇKNk»YgOaWbMPK3YaMcL1HXeW^t ù MPYaWNOaK
R ¥ RÇKNªNW,Y ¤WYgªNW,YIDSVOaL
RY ù RÇKNdZYgd}S]XM*YmS]YaM ù SVLNdeS]YgdwIDK
ûZÿ,Z û deKNL Z _ÚL  McK#YaXeM Z KnSVXZ®,kidekó.dZYg`;¹i'izr
> Z  >TVsIDOgSpYgIDO»®
o © oIDK#YaM © SVOiXeI
ÿ >  ÿ Mt8Y/CxI¥>2McSVLNdwKN~ OaLNMPO
ÿ1ü ÿ MPh ü `#®8kadwlck ¥|,H  ¤KNXedwKNM |=S]YmSEHXwI\h   ü  ¤KNXedwKNM  vVMcK#Y ü OaI8lcMPkakideKN~  üwù  ¤KNXedwKNM ü OaIDb)ªY ù MPlcIDKNk»YgOiWNlPYadeIDK  ù©  ¤KNXedwKNM ù WNK © IDK#YgOiIDX
ü |xH ü OaIV°nSV°NdwXedwY­®¯| McKkadwY­®HWNKNlPYadeIDK
ü |  ü SVO»YgdelPXeM|;SpYmS  OiIDWNª
ü  ü ü IDkidwYgOiIDK  XwMclPYaOaIDK ü OaIO)iMPlPY
ü Rb| ü SVO»YgdelPXeM RbdÚMcK#YgdZÿnlSpYgdeIVK
ü o+S ü `NIVYaI!WNXZYgdwªNXedwMcOÔS
WN°M© |  WnSVK#YgWNb © `OaIDb)I¥| ®8KnS]bdwlck
ù  ¥o ù MSVL,« WYoI8LNWNXeM
ùü© ù MckadwkiYadwvDM ü X}SpYgM © `nSVb°McO









3  á 798 ¹ 








kiYaOaIDKN~FoÙIDOalPM µ r`NdeklcWNXwbdwKnS]YgMPL!dwK!Yg`NM"îs|J¬ªNOaI\)iMclPY)SpY¯|J¹RfÕ¢Yg`M&±|J¹jï SVlclPMcXwMcOgSpYgIDO
S]Y
y¦| º ¤ÕSVKNL5Yg`NMLNMPYaMclPYadeIDKIVoYa`NMYaIDª,«×¦3WnS]OaUS]YYg`NMrj|H¢ï rj¹i¦f S]YQnMPOab)deX}S]° µ r`NM
SV°NkiMcKNlPMIVoSVK#®LNMPv8deS]YgdwIDK°*MÇY­hMPMcKM»tªMcOideb)McK#YmS]X2LNS]YmS=SVKNL5Yg`NMPIDOaMÇYgdwlSVX ªNOiMcLNdwlPYadeIDKNkGSpYS



























Ya`NMcdwOGYa`NMcIVOi®deK ´ Ò ÛV½;4 ² 5 Ya`nS]YLNMckilcOide°MckGYg`NM)IDOad «
~DdeK;IVoYa`NMMPXeMPlPYgOiIxhMcSVU1¦3WnS]OaUD«­b)d­t,deK~°#®=Yg`NM_ý=<> ?/12@8BA¤SVKNL_`NSVL(IDKNXZ®=°*MPMcK(IV°NkaMPOivDMPL
deKLNd­lPWNXwYGM»t,ª*MPOadeb)McK#YakIVKKNMPWYgOaSVXJÍ b)MckiIDKNk 4 ½C5 µ r`NMPOaMPoÙIVOaMVÕÚYg`dek¦deKkaWr)lcdwMcK#YgXZ®deK#vVMck»«
´
² EDòGFXÓIHKJ ÏXÓ ML,ÒU[Ï
Yade~#S]YaMcLkiWN°P)iMclÇY)`nSVk°*MPMcK SVLNLOaMckikaMPL°#®Yg`M=SVb°NdZYgdeIVWNkèéèésê ªNOiIO)iMclÇY-SpYYg`NM hIDOaXwLON k
XeSVOa~DMPkiYXedwKNMSVOJªnS]OiYgdwlcXwM±SVlPlcMPXeMcOaS]YgIVOSVKL ë ì ë á k»YgIDOaSV~DM±OideKN~¬J|2¬¢«ØíaíJS]YYg`NM º YmSVK,oÙIDOaL îdwKNMSVO
ïRlclcMPXeMPOgS]YaIDO)¯McK#YgMPO(Ï º îïu¯ÓÇÕ2¯SVXwdwoÙIDOiKNd}S,Õ SVKNL dwYaklcIDb)ªMPYgdZYgIDOPÕ Yg`NM ¼ MPXeXeM-Mt,ª*MPOadwbMPK3Y)SpY
¸ | ¸ Õ%PDSVªnSVKBÕ3hj`Ndwlm`"SVOiMu°IVYa`"SVk»®,b)b)MPYgOidelMPXeMclÇYgOiIDK,«­ªIDkidwYgOiIDKlcIDXwXedwLNMcOikJSVKNL-lPIDKNk»YgdwYaWYgMjYg`M
lPWNOaOiMcK#YuªNdeIDKMcMcOideKN~Õ,oÙOaIVK3YadeMPOLNdekilcIxvDMPOi® bSVlm`NdwKNMckjdeK ªNSVOiYadelcXwMzªN`#®8kadwlck µ r`NMGbSVdeK"~VI#SVXBdwkS
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é¢èésê'SVKNL ¼ McXwXeM)lcIDXwX}SV°IDOgSpYgdeIVKNkzkiYgSVOiYaMcL!YgSVU3deKN~;LnS]YgS
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YaIÿNKNL_S]LNLNdwYadeIDKNSVXýþÚ«Øv8dwIDX}S]YadeKN~
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kaMcL oÙIDO
Ya`NM¤YgOaMcS]Ygb)McK#YGIVoQs¯fz¯ªNOaI8lcMPkakaMPkcÕ¢SVªNªNXwdeMcL(YaI=IDWNO¦kaªMclPd}SVX¢lSVkiM)I]o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8 Signal Monte Carlo6
On-resonance Data
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Ã2.5 Signal Monte CarloÄ
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On-resonance Data ÍÎ ÏKÐÑ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300 Signal Monte CarloX
On-resonance Data
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35 Continuum Monte Carlo
Off-resonance Data
øùûú]üý þ  þ&} wx* ¬  ý « ¬~ B ­ h4T0UHA0U=(:0:`:*g÷) L;»c=»46+K-=K-*P.C0E=KL0µA7nrN1?L;='`§ ._jc+KT44 " 0:X.ºP ! c0E=<30U=<0µL(=	Vnx¡x¨5w© M0 !  " l0µ " . ¬ 0UB(' Y Z ' [ WZ ' Y Z ' \ ] W?B _ Y a =0 !  " F 	  + " vNE=h " 0µ. " 0U*Vc*. $/LRQ ! +K/;>*.±l0µ " ./=tB
G+hHÕJ6:+K(=hL`.MM&³N3%'0&	4'0U=RV,*.´L*:0E;;>H F 	  c+ " ´NP$ " /LRQO4T0U*:=RVCc=
r	;>*L:0:´p:*k¿	X
  ) ¿L;n¢K  w© ¬  ý « ¬~ B ­ =@	;*L:0:pO¿	X
 ) ¿L;M$M&0U*. %'0&IL0U;;>H F 	  c+ " r=r$#LRQ ! +K7;>.Ã=(HC4 " ?*.´J6:+K(=hL.7&n
wx*2(+<:0:Lh "»" 0U*0E./0:Lh	-=*LR*=h(L;2K " ;/n
7nm7niB F     Ñ@?( L
Å@ÆRÇTÈpÆµÅ eÒIbäIRÙMà÷ÒI	ØËÕØ7eÏËÒSàSÏ8Ú>I&ÒÏxÚ>I	à
å 
 õ Äè é æþqøþ Rék ü é íê ç üþ  î 
 ý é æþ é æý þþþKí]þXÄ ék æ ê>ëþ êÄú ç þ I¿	X
 ) ¿ ï ¿	X
 ÷§ ¿ ê>Äè¿	
d_?¿ ï é æþ%ýê é ù 
 ¬  ý « ¬~ B ­7ù  þXíê ç üê é þXè ê  þGMë ç êÈùEÄþXèÓùEÄj    ù é æ 
 ÄþAèù A þý þÄ  þ&
 ùUÄ  þ é æþ é æ ýÿþþeê>Äú ç þ  êý þ5Ä 
>éX
 ýÿý þ ç ê é þXè^ï 
 Äþù 
 ë é ù ð ù  þXè  ù é æ 
 ü ég ü ébé ùEÄ ú 




 ùUÄ  ý þ<ê  þ Ré ê é ù Ré ù X 
åpæþ9èþXë þXÄèþÄ  þ 
 î é æþ ÷)  ü é`
 î é æþ  ùúÄê ç
 ùþ ç è±¬ ùEÄ  ùú>Ä ê ç  
 Ä é þÉêý çE
 ï'êÄè é æþø ê 98 ú]ý 
 üÄè 
 ùþ ç è pB ùEÄ X
 Ä é ùEÄÖüü ð  
 Ä é þÉêÈý çE
 êÄè 
&A ýÿþ 
 Ä êÄ  þè ê é êrêýÿþ  æ 
: Ä 
 Ä
é æþ ç þKî éS
 î'õÊúüýÿþ` þ&}rî 
 ý é æþ¨þcê ð ë ç þ 
 î ¿	X
 ) ¿ ê>Äè é æþ B' Y Z ' [  Z ' Y Z ' \»]ðA
 èþåpæþ,èù bé ý ùEøü é ù 
 Ätî 
 ý@¬  ý « ¬~ B ­pê  êºî üÄ Ké ù 
 Ä 
 î ÷)  êÄqøþ  þþÄ 
 Ä é æþ ýÿùú>æ é åpæþý þù  ê Xç þêý ð ê{ù ð ü ð ê éÃ¿	
 ) ¿»Â %jÃî 
 ýê çUç î 
 üý B Y Z  [ ðA
 èþ  ;þ  êü  þ
 î é æþ X
 Ä  ù bé þÄ G
 ï é æù  íê ç ü þ¨ù  ü  þèjê Sé æ þ  ü é
 Ä ) ê  ý 
> ê çUç÷ð
 èþ  1fPÄ é æþ  ê ð þð êÄÄþý  þ 
 ø é êùUÄ é æþ  ü é íê ç üþ S
 î ¿	
> § ¿Â %j 9êÄè ¿	
_¿Â %j  °ú#êÈùEÄ é æ þ  þêýÿþ 
ððA
 Ä  ü é î 
 ýpê çUç î 
 ü ý ðA
 èþ  ï	 ü bé ùmõÊþètø 
Oé æþùûý  ê ð þSøþæêí ù 
 üý 
 î÷¬  ý « ¬i~ B ­K
¡ :¢£ ¤ ¥ ¦(§/§¨¦©Wª «¬©¡­@®Z¯±°
,{ùEÄ  þ é æþCø þê ð þÄþ[ýÿú 
q~² ·³ 2 ï  æù  æù pé æþê<í>êÈù ç êø ç þþXÄþý ú 
 î 
 ýþê  æ 
 î é æþ é æþ é
9Bð þ 
 Ä  ï ù 8 Ä 
: Ä é-
 æùúæ þý@ë ýÿþ  ù  ù 
 Ä é æ ê>Ä é æþ ð þ<ê  üý þè¬þÄ þýÿúùþ e
 î é æ þ B è êü úæ é þý  ï
 þ  ê>Ä¬ü  þ é æù @X
 Ä bé ý-êùUÄ é î 
 ý é æþ  ê çE ü ç ê é ù 
 Ä 
 î 8 ùUÄþ ð ê é ù  íêý ù1ê>ø ç þ é æ ê éS æ êýê Xé þý ù  þ
é æþ´*Öü ê ç ù é
´
 î é æþ ýÿþ 
 Ä bé ý ü Xé þè BDð þ 
 Ä  ê>Äè  ê>ÄjæþÄ  þOøþ ü  þXè é-
Ã þXë êý-ê é þ  ùúÄê ç
î ý 
ð øê 98 ú]ý 
 üÄè^Tåpæþ  þ é
 *Öü ê>Ä é ù é ùûþ é æ ê é êý þ ç êýÿú]þ ç
 üÄ 
 ý ýÿþ ç ê é þèµ  ¶êý þ é æþ·G¸¹·Gº^»&¼
½ ·¿¾ÁÀGÂÄÃ }r~ ê>Äè é æþÅG·ÇÆ&ÈaÉÇ·G¸¹·Gº^»&¼ÊGËÅGÊGÃÌÂÄÃÌËNÃ· ½ È´ÆÊ9Ê yI{*|
 î é æ þ B ð þ b
 Ä^ï  æù  æêýÿþpø 
>é æ
Í 
 ýÿþXÄ éÇ= ùEÄ#íêýÿùEê>Ä é-  }r~ ê>Äè yj{| ù çEç øþ é ý þ<ê é þè ùEÄrèþ é êù ç ùEÄ é æ þ5Ä þG éé
, üø  þ Ké ù 
 Ä  ï
é æþ[ùý`è ù bé ýÿùUøü é ù 
 Ä  î 
 ý é æþý þ 
 Ä bé ýÿü Ké þè Bã ê>Äè ùEè ê é þ  æ ê<í ùEÄú  üýbí ùUíþè ê çEç þ ç þ Xé ù 
 Ä
]





























Ñ -1 Signal Monte Carlo: 1206 fb0πÒ±Ó K→±Ó, K*γÔ±Ó K*→±ÓB
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Ñ -1Continuum Monte Carlo: 11.8 fb
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Ü )Ý-1, On-resonance Data (20.7 fb-πÞ+ K→0, K*γß0 K*→0B
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Ü )Ý-1, On-resonance Data (20.7 fb0πÞ± K→±, K*γß± K*→±B
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Ü )Ý-1, On-resonance Data (20.7 fb±πÞS K→±, K*γß± K*→±B
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Ü )Ý-1, On-resonance Data (20.7 fb0πÞS K→0, K*γß0 K*→0B
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γÚ*dEνÛ  0.0292± = 0.4914 γÚ*dEα  0.00166 GeV±
Ü
 = 0.04233 







νÛ  0.0480± = 1.0038 K**dEα  0.000716 GeV±Ü = 0.030194 K**dEσ
 0.000911 GeV± = -0.000477 K*
*dE
ÞK*: Crystal Ball Fit Results: "	}
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S: Signal Monte Carlo
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GAUSS Fct. Fit Results:
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1800  Monte Carloτ
On-resonance
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4500  Monte Carloτ3
On-resonance Data
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0.5 0th Order Polynomial Fit:
Offset:  -0.0609 +- 0.0108
χ 2/NDF:  15.0429 / 14
Q∆ ) / Mean(Q - Q










Mean:  -0.19 +- 0.23
Width: 1.04 +- 0.16
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 12.3± = -53.9 ζARGUS Shape 
ARGUS threshold = 5.29 GeV/c 2
ARGUS Fit (Continuum MC):
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continuum MC with PID and -225<Ý
<300 GeV*E∆
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continuum MC with PID and -300<Ý
<125 GeV*E∆continuum MC without PID and -225<Ý
<300 GeV*E∆continuum MC without PID and -300<Ý
<125 GeV*E∆Off-peak data with PID and -225<
<300 GeV*E∆
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Off-peak data with PID and -300<
<125 GeV*E∆Off-peak data without PID and -225<
<300 GeV*E∆
Ü
Off-peak data without PID and -300<
<400 GeV*E∆
Ü
On-peak data with PID and 150<
<400 GeV*E∆On-peak data without PID and 150<
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 0.0567±Signal fraction = 0.3471 
  8.67±	 = -59.15 ξARGUS shape  
  = 5.29 GeV beamARGUS threshold E
 = -0.150MESτ
  0.000682 GeV± = 0.004133 MESσ  0.000744 GeV±
	
 = 5.280967 ESM
Novosibirsk + Argus fit results:


























E sideband: 20 entries∆
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2 0.00150 GeV/c± = 0.05587 K*÷γø
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Þàí#Ý|ãU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79ì¶#àaà)íUë8aß$ï#ï#î!ë8ÝQìuãUî ñ á;Þ#ó ð é à)íUâ#÷íuøÝø ß ñ"ê Ý3¶Uû9ÝQì
ß ê =î8âUàÝî ñ ÞÞ=ÝîÃßà)ë ý Ýà)ß$ã#(à)í#ÝQÞ·ïZß$Þ)ß(øuÝ£à)ÝÞ n´ |ë8ãX=Ý£à)ë8$ã:  n ` n ô þ àí#Ý4þÿ ×Õ  áÜ ÕLß$Þ=Ýë!ãwàÞ7ì#â#QÝìXàu¶#àkÝ ý ÝÞß$îë8ãUì#Ýï¨Ýã#ìUÝã+àD)ß(øuï#î!Ýß(àà)í#Ýoß$øÝuà)ë!øuÝuß$ã#ìÜì#ÝQàÝÞøë8ãUÝoßXQøuøã°Ý£à{$áïZß$Þß$øÝQà)ÝQÞ n "Þ=ÞÝ=ï$ã#ì#à)à)í#Ý
à ñ ïÝ·$áÝ ý Ýã+à) ê Ýë8ãU÷âU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  0.0001±  6e-05±
 0.0132±Energy Range:500 MeV < Eπ0 <
1000 MeV















  7e-05±  5e-05±
 0.009±Energy Range:500 MeV < Eπ0 <
1000 MeV
















  0.00012±  8e-05±
 0.0149±
Energy Range:1000 MeV
 < Eπ0 <
1500 MeV






































  0.00016±  0.00011±
 0.0184±
Energy Range:1500 MeV
 < Eπ0 <
2000 MeV
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 < Eπ0 <
2500 MeV
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Ë8Ì -πÍ+Î K→Ï0Ð, K*ÑγÒ0Ð K*→Ï0ÐB
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Ín?gji?m pÎmpq~fhjÌZïsonGsosotfhpysÕ¨ÏvÏtØ
! Õ]Ð # ìïgji?kÍn?âom p	ÌH¿¡O¢°jP?üZDP,ûÂ§¶Z	¡W<OP­µ6P<N M ³DùgW8UXW8O	S]¶¢³OPÅQvÑµ6¶ M  6O¶¢³}üOP8U:ZzøÒ¡W6°j²³kCHO¶±Ìïv?po{=r?xmpRÎm po~}fhJÌJÓ¨mpo~={}r·ÕÏvÏvÔ
! Õ ñ# ïÒ r mn?Qmpys¨Ì l{pYO ùfZf°j²ÀZDP<NÕ¸ û'³S*øiZjU³S]P¡Ì  rts ; 4ïáNdì6itãâ 4 b8b Ú ÕÏvÏxÙtÛéGÕ]Ð ê Ìi?mv ç mXJÖ6ÏxÙ6uhéxé?Õ*Ø Ú ØhÙ 4 vGpÕÏvÏhÙtÛ! ÕÏ # ì]í {}xhâ	Ìc×6S]P8U:ZP<O	SLµD²5×´°GüuüO]U¶°\lx¶fO[ZDCJNJSD·PÕ·³TUXW<SLµjUnqZD²¢²oøO²²5lVS]²[S]PJ²±Ìì6itãâ ó m QeËÄm soscb´E¡= Ú ÕÏxÙhÙtÛÕxÕ]ÔzÙ! Ø6u #Y4  4 ~={TÌ¾lØpYO ùfZf°j²&ûÁP8UX¶[S@Neµù]U³S]PÙZDP<N>¤7O¶	7]³O·Ì.{=rlØpYO ùfZf°j²tãÃïïsoáxr?m6Ìí»áxpq~}ïg {}mrtso{BÚ,gXì6n??~={}âoiG{}r? Ú ÕÏvÏhé(Û¬Õ ç ñ u! ØÕ # l^w'lxwyaI2áx~=~fhQáxpofzs|{=áxr±°(ìHK2´¬fzpopo{=âoáxrLfhrG« ó LÛ­n?{=r?rÌ  W<Oxlxwlxwy­¡W6°j²³Dù²újSLS]C8Ü¸ W6°j²³8ù²`ZjU ZDPhZD²°GüLü­OUX¶¢³DùVl.ûX¿8Z(ù]US]¶°¡Ìïm gh[Õxé Ú ÕÏvÏ ñ Û! ØxØ #Gr eI.fh?{=?QáJÌÝcPJ³:UTZD¶³TU°m×´°GüLü­OUX¶°¥ZDP<N£'O'US]PJ³8ùVpYOù[Zf°J²±Ì8Þitãâeßm QeËÄm sqsbHàÚ ÕÏxÙváxÛRÔ6áGÕ! Ø6á #Gr eI.fh?{=?QáJÌ ÝPj³:U:Z¶³:U°×´°GüLü­OUX¶°¥ZDP<N©SP?øOUS]Pj³DùVpYO ùfZf°j²	ÌeÞ6itãâ 8ßmXeËÄmXsosbLâ Ú ÕÏxÙzé(Û.ÙtØ! Øzé # Ë6ã»áx~=w8m r?âqsom{}r¡Ì¸ZD¶ZzüO]UX¶¢³kA¨ZjUX³S]P>SQäUXW<OGSúvZf°@ZD²¢WJ³ûTnqZD²¢C6Zv·'Z ü©Z@UX¶³ <ÌRÞ6itãâ ßm QeËÄm sqs8=b Ú ÕÏvåváxÛ¬ÕÏhéHÔ! ØvÔ #æ eË8ç~fzâoi?áåÌ ;   ~={}áxvQáxn?~=áxâ.fhrGhË6Qï©fh{}fhr?{XÌöOfZDC©ÁP8UO¶Ztù]UX³S]PJ²5·³:UW¥£'OUS]P?ûÃ`ZHNH¶[S]P¥×´°GüuüO]U¶°¡ÌeÞ6i(ãâ <ßm Qeºâ Ú Õ¨Ï´Ð6utÛ¬Õ*ØDå´Ô ç ÕØ6ÏtØ! ØhÙ # ça¾Ó2n?gji,fz~}~f@ÌRè ; xÓ2nGp|fhâfzr?"ï»^»RË[fhnGsomr(,fhgji?m p	ÌLö­O[ZDCÕpYOùfZf°j²·újO¢°jS]P<N£'O[ZHNH³kP÷£'S÷LZD¶¢³:UW?ü¼²±ÌÀßmXïá±YÞitãâä8t Ú ÕÏvÏxÙtÛÐÕxÕ*Ø6Ô@Ìªi?mv ç v?ieÖ6ÏvÔÕ*Ø6ávå6uÚ Õ]Ô6­m ghÕÏvÏvÔxÛ! ØvÐ # ?a¬ËÄ{=r?xm~¾|f~R6kÌ¬¸OPG÷¬µ6³kP¥pYOù[Z±°j²S]Ql}naO²fS]Pj²	ÌÊi?mv ç mXJÖ6Ï6åvuhé´uGÕÔ Ú ØvÐDèv?pÕÏ6ÏvåtÛ! Ø6å # ?aHI2iGm s§ãpé({}r¡ÌGïÒï{}âq{f6éfhr?uï»(ïÍnGr?6ÌLÞ6itãâ HËÄm sosHÓ/E<àeà Ú ÕÏvÏvÐxÛØ6uhÙjÌHÓ/E¡âe=Ú ÕÏvÏvåxÛ¨é?Õé Ú »Û! Ø6Ï # è ; mÓ2nGp|fhâ±Ìö­O[ZDC+ÃZAü¼³=ø:USPJ³iZDP8ÇÙ¸ ê'³SøiZjU³S]P-ZDP8N+ZD¶fO}pYOù[Zf°J²±ÌÐi?mv çmJÖ6ÏvåvuxÙzéHÐÕ Ú ØAé ; n?r±ÕÏ6ÏvåtÛ
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! ávu # ÞjÓ.fh~=~NfhrG©ÎP,ïÒ¬Ó2p|fzn?rÌ M  ÊùjøTµ6²³T7]O`×eO|ü¼³=øOUS]Pj³DùZDP<N¼ZD¶fOVl2û:naO²fS]PmpYOù[Zf°J²³kP¦pÌeÞ6itãâ8ßmXQe{=et Ú ÕÏvÏvåtÛRu6Ïhé´uGÕÙ@ÌGi?m v ç v?i¬Ö6Ïvåvu´ÔAé(ØxØ Ú Õ¨u ; n?~:Õ¨ÏvÏvåtÛ! áGÕ #Gë ËÄ{}hm s|{.fhr?£ï» Ó¬'ã"{=âom6Ìx Þ _ ¸ à¹Qi¶[S*ü J Þ _ ¸ ªì<ÌRÞ6itãâ¾ßmXQ^3¬àÚ Õ¨ÏvÏvåtÛÕhÕ]ÐvÔ6uxÙ@ÌGi?m v ç v?i¬Ö6ÏvÏvu´ÔhØvÐvÐ Ú Õuxï©fãÕ¨ÏvÏvÏtÛ! átØ # ï»cÓ2m r?m	ézm|f~`6kÌR¦pØQZtù]US¶³kA¨ZjUX³S]P\QTS]¶5 Þ ÈÈ>NJO ùfZf°j²	ÌÞ6itãâßm QËÄm sqsted Ú ÕÏvÏvÏtÛ¬Õ¨ÏGÕéJÌi?mv ç v?ieÖ6Ï6Ïvu´Ô6áGÕØ Ú ÕxÕ*ï©fãQÕÏvÏ6ÏtÛ! ává #G; I2i?fhpo~=mâh|f~56kÌ ÃO[Z´7	°?û¢USAûX£c³÷´W8U¿¡S]¶oüí¿8Z(ù]US]¶²G³kP>UXW8O¼¿'³kPeZAøxÃ`ZHNH¶fSP«£Z¶q÷jOM P<O¶y÷D°}£³}üÀ³:UäS]Q¦pÌ§Þ6itãâ `ßm QVî¬à Ú ÕÏvÏvÏxÛ©uGÕé´uvuÕvÌ¬i?m v ç vGieÖ6ÏvåGÕØ6á´Ô6åÚ Ø6Ô ; fhr±ÕÏ6ÏvÏtÛ! áhé # ï»eÓ2m r?m	ézm­|f~x6kÌ¦pïQZtù]US¶³kA¨ZjUX³S]P©QTS]¶O¢ Qù|ø:µ6²¢³:7O`P8S]P,ûFøOUS]PJ³8ùPûFüO²[S]PqNJOûùfZf°j²	Ì r n?g~F¬Þ6i(ãâ <ÓR=8Fb Ú Ø6uvuvuxÛRáGÕájÌ?iGmv ç v?ieÖ6uvu6uxÙGÕ*Øzé Ú Õá ; n?r,Ø6uvuvutÛ! á´Ô # 6Dè¬â|fAs|pqãxfhrÌLtï»6èâ|fzsopo{fzrªfhr?ÅPDãêã~=mp	ÌH£c£¾S]¶¢¶fO ù]UX³S]PJ²QTS¶l.û:n\O²fSPZHNH³iZ@UX³:7O M  Êùjø:µD²³:7OpYO ùfZf°j²	Ì8Þ6i(ãâ ¡ËÄm sqs8Ó>Eðjà Ú ÕÏvÏvÏxÛØxØ6ájÌ,i?m v ç vGieÖ6ÏvÏvuvÔzé?Õ*ØÚ ØDutï©fãQÕÏvÏvÏtÛ! áxÙ # ï»Ó¨mr?m±éhmfhr? îK,m~=?kufhr?rÌ¾×´°GüLü­OUX¶°,ûoúD¶fO[ZDCH³kPG÷lù±S]¶¶[OùUX³SPJ²US¥W<O[Z´7	°?û¢USAûøk³÷´W8U üO²[S]PhQTS¶oü"QZ(ùUS]¶¢²ZjU6øiZD¶y÷jO¶fOù±S]³}øXÌ r nGg~:8Þ6itãâ<Ó}=eFeâ Ú Ø6u6uGÕ*ÛRáuiGmv çv?ieÖDuvuvuvåtØ6ÔvÔ Ú Ù r á?ØDuvuvutÛ! á´Ð # îi?m^Þfhpys|{=g~}m¾fzs|f`çpoáhn?vÌDO7]³O·SQJ¸Z¶¨UX³8ùjøO¸W6°j²³8ù²	Ìhîi?mR»6n?pqáxvmfhrÞ6itãâo{=gfh~; áxn?pqr,fh~cIïbL= Ú Ø6u6uGÕ*Û r n?kPQmp¯Õ ç é! ávå # ï»Qï{=âo{}f6éeÌ  W<O	S¶°\S]Q¶Z´NH³iZjU³:7OlñNjOùfZf°j²	ÌQi?m v ç v?i¬Ö6uvuvutØDuvu´Ð Ú Õ¨KÊm ÊØ6uvu6utÛ! ávÏ # ï» r mn?Qmpys¨Ì<£c³÷´W8U`Zf°j²S]QO·¹¸W6°j²³Dù²¨Ü¸{ê³S*øZjUX³S]P³kPm Þ ®  àNjOùfZf°j²Þ6itãâ 8ßmXeÞ6pqágz æ n?v?v?~F<ð@E Ú Õ¨ÏvÏvÏtÛØhÙ6u ç ØhÙvÐ@ÌiGmv ç mXJÖ6Ïvåvu6Ïváhé´á Ú ÕhÕ æ mvNÕÏvÏvåtÛ! é´u # ï»Ó¨mr?m±éhm6Ìvçª	Ó2n?gji,fz~}~f@ÌAï» r m n?QmpqsfhrGGI¬î æ fhgji?pof]òq,fjÌj¦p«¿<Ztù]US¶³kA¨ZjUX³S]PQTS]¶ìÞ ÈÈÕpYOùfZf°j²¨Ü×<UX¶fSPG÷¥¸ W¬ZD²fO²GZP<N½¸ê'³S*øiZjU³S]P¥³kP«UW<OYÃO[ZH7±°Æ¦µ´ZD¶¢C£³}üÀ³:U¢óÌ@Þ6i(ãâ <ßm QeËÄm sqs`t8d Ú ÕÏvÏ6ÏtÛÕÏGÕé ç ÕÏÕ]Ð@Ìi?mv ç v?ieÖ6Ï6Ïvu´Ô6áGÕØ Ú ÕxÕ*ï©fãQÕÏvÏ6ÏtÛ! é?Õ # ï»cÓ.fzr??mp±Ì'P æ {}~=hmpqkfhrÒfhrGè æ áxr?{XÌ'IRÞS]PJ³BP<7fZD¶¢³iZDPQù	O5³kPÕUXW8OpYO ùfZf°j²ÅSQÃO[Z´7	°½'W¬ZD¶q÷jO±Na¦µ´Z¶C­×´°j²	UOjüÀ²	ÌeÞ6itãâ<ßmXQeË[mXsosVE<d Ú ÕÏ´Ð6ÏtÛØAé(Ø ç ØAéHÔ! é(Ø # èJËe?¯fhxfhrÌ¬Þ6itãâ8ßmXQ<º=b Ú ÕÏvÏ´ÔxÛ.ÙÕÏxÙ! é´á # ï»8I2{=n?gji?{}rG{TÌJ»8ç¯fh?pq{}m~=~}{fhr?hçªJK2eç{}n??{=gmDÌJÞ6itãâ ¡ËÄmXsoseÓodetet Ú Õ¨ÏvÏxÙtÛxávÔ6á! éxé # K2[ïÒÓ2áxpqn?kufzs|{4fhr?I¬ç¯pqmn?¡Ì'ôDÃ`pn¥²V¡¶[O	NH³8ù]UX³S]PJ²QTS¶×Þ ®  à½³BP`£¾¤¦pÌ¬Þ6pom v?po{=r(s ëõ ç î§áGÕ]ÖDÏ´Ð@Ì?i?m v ç vGieÖ6ÏvåvuxØ6ávÏGÕ Ú Ø6ávK,m±Õ¨ÏvÏvåtÛ! éHÔ #G;  æ mm kfhr}|f~56kÌ  W<OÀ¸ M ¸ûÁÁG×¡US¶ZA÷jOäV³BPG÷´²±Ì4îá·fzv?vmfhp{=r r nGg~:  r?âqsopon?kïmXs|i±Ì,âo~}fhg ç v?n? ç å´Ð6åxÙ Ú Ø6uvuGÕ*Û! étÙ # lxwlxwyaI2áx~}~}fhQáxp|fzso{}áxrN°ÞHK2v¬fhpqpo{}âqáxrLfhr?¼´ß¯LÛ­n?{}rGrÌ  W<Oxlxwlxwy©¡W6°J²¢³Dù²újS@S]C8Ü¸W6°j²³Dù²Z@U ZDPqZ²°GüuüO]U¶³8ùVl.ûT¿8Z(ùUS]¶°¡Ì æ mgz8áG=Õ Ú ÕÏvÏvåtÛ
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! éHÐ # l^w'lxwy¹I2áh~}~fzáxpofzs|{=áxr±°VÓ¬èn?Qmpqs©|f~6kÌ  W8Ol^w'lxwy¹pYOUOùUS]¶±ÌI2i,fhvGsompaÕvÌîáLfhv?vQmfhp{=r r n?g~F  r?âys|ponGkQïmXs|i±Ì,i?m v ç m¬ÖDuGÕu´Ô6uzéxé Ú ÕÙtïfãGØ6u6uGÕ*Û! é´å # l^w'lxwyaI2áx~=~fhQáxpofzs|{=áxr±°ÞHK2´¬fzpopo{=âoáxrLfhrG«´ß«LÛ­n?{=r?rÌ  W<Oxlxwlxwy­¡W6°j²³Dù²újSLS]C8Ü¸ W6°j²³8ù²`ZjU ZDPhZD²°GüLü­OUX¶¢³DùVl.ûX¿8Z(ù]US]¶°¡Ì æ m gh8áGöá Ú ÕÏvÏ6åtÛ! é´Ï # l^w'lxwyñ­pq{=w`säI2i,fhkPQmpÅI2áh~}~fzáxpofzs|{=áxr±°Àça æ g {}áx~=~f«|f~56kÌ  W8O©l^w'lxwyïN´¶³kQUùgW¬ZzüújO¶	Ì r n?g~F  r?âys|ponGkQïmXs|i±¬è÷EbLF Ú Õ¨ÏvÏvåtÛxáÕu! Ô6u # èÓ2áãtfhpqâé({TÌ´PÓ2pq{}xhâfhrGÞDÓ2n?pqgji,fzs	ÌH×¡UµHNH³O²¾S]QJW8Ojøk³Tµhü¼úvZD²[O	NN´¶³kQU±ùgWeZzüúJO¶÷HZD²fO²QTS]¶WJ³=÷vWø:µhüÀ³kP<S²³:U°øS6·ûOP<O¶q÷D°ü©ZtùgWJ³kP<O²	Ì r n?g~F  r?âys|ponGkÊïm s|iN¬èïd8âedÚ ÕÏvÏtØhÛ.ØhÙ´Ð! ÔÕ # ã 8ã è¬~=~}{=âoáxr©fhr?Þ¡ß«¡ã»po{=xits¨Ì  W<OG¸ W6°j²³8ù²S]Q'WeZD¶y÷jO	Nh¸'ZD¶¨U³DùjøOÁNJOP8UX³kø?ûù[ZjUX³S]PÜ ²HùGúh²vû Ç'¾O¶fOPJCLS67ÀZDP<NhU¶ZDPJ²¢³:U³S]P­ZHNH³ZjUX³S]PÌ,üKß ç r Þ ç ávÔ ç åvá
! ÔxØ # l^w'lxwyaI2áx~=~fhQáxpofzs|{=áxr±°ÞHK2´¬fzpopo{=âoáxrLfhrG«´ß«LÛ­n?{=r?rÌ  W<Oxlxwlxwy­¡W6°j²³Dù²újSLS]C8Ü¸ W6°j²³8ù²`ZjU ZDPhZD²°GüLü­OUX¶¢³DùVl.ûX¿8Z(ù]US]¶°¡Ì æ m gh8áGÒÔ Ú ÕÏvÏ6åtÛ! Ô6á # l^w'lxwy«I2áx~=~fhQáxpofzs|{=áxr±°ölxw'l^wy  OùgWJPJ³8ùfZzøpYO²³=÷vP­OS]¶	U¢Ì8I2i,fzvGs|m pÙ Ú ÕÏvÏ´ÔxÛ! Ôzé # l^w'lxwy«I2áx~=~fhQáxpofzs|{=áxr±°ölxw'l^wy  OùgWJPJ³8ùfZzøpYO²³=÷vP­OS]¶	U¢Ì8I2i,fzvGs|m p`Ð Ú ÕÏvÏ´ÔxÛ! ÔvÔ # ça[ï»¬fh~=~}mp­fhr?Pß«KÊpqm ã(sjfzJÌclxwlxwyÆSLUOäô´t½HÜ  PeZzøS÷m¿øSDZ@UX³kP÷­¸ S]³BP8Ul^³n½¤§×/×JZzüYNøB³kPG÷'Wj³ý>ZDP<N  ¶XùgWJ³TUOùUµ6¶[O­S]Q5UXW<Olxwlxwyþ'²Á©ZzøS¶³}üO]UO¶¿¬¶[S]P8U M P8N M øO ù]U¶fS]PJ³8ù²×´°j²¨UOjü-ZjUUW<O×j£  Ùl>¿8Z(ù]US]¶°
! ÔhÙ #; @Ó2nGsqs|áxr ç æ i,fAw8mp5|f~¾6kÌ@lxwlxwySLUOÿDôvôjÜÝc²fOSQ¶ZHN´³SDZ(ùUX³T7]O¡W<SLUS]P²fSLµD¶Xù	O²·³TUXWUXW8Ol^w'lxwyÕO|øOùUX¶[S*ü©Z*÷´P<O]U³Dù­ù[ZzøS¶³}üO]UO¶
! ÔvÐ #     æ éhávm rÌ lxwlxwyoSLUOÀÿt½´Ü¼ZzøB³§úD¶ZjUX³S]P½S]QZzøS]¶³=ü­OUO¶ä·³:UXWlxWeZ?úWeZM 7OP8UX²
! Ô6å #æ ïm rJéhmDÌlxwlxwy{SHUO½ô´LÜZzøk³ZúD¶ZjU³S]P¹S]QÀUXW8Omlxwlxwy M øO ù]UX¶[S*üZA÷´P<OUX³DùZAøS]¶¢³}üO]UO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lxÁlR£Áf¤ÂV  ¸ ÃÅÄ {
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! Ù´Ô # lxwlxwyaI2áx~}~}fhQáxp|fzso{}áxrN°ÞHK2v¬fhpqpo{}âqáxrLfhr?¼´ß¯LÛ­n?{}rGrÌ  W<Oxlxwlxwy©¡W6°J²¢³Dù²újS@S]C8Ü¸W6°j²³Dù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Ù Ú ÕÏvÏvåtÛ! ÙxÙ # lxwlxwy¹I2áx~=~fh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Qáxp|fAs|{}áhr±°VÓ¬è¬nGm pqs©|f~6kÌ  W<OGlxwlxwyÆpYO]UOùUS]¶±Ì'I2i?fhvGs|m p5Ô@Ìîáufzv?vmfhp{}r r n?g~F  r?âqsopon?kQïm soi±Ì,i?mv ç mXJÖ6uGÕ¨u´Ô6uhéxé Ú ÕÙtï©fãGØ6uvuGÕÛ! Ð6u # lxwlxwy¹I2áx~=~fhQáxp|fAs|{}áhr±°VÓ¬è¬nG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OPùg°ÆÝ²¢³kPG÷¼áÕ  M 7]O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ZDPùgWJ³BPG÷¿¬¶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ÌeÞ6i(ãâ <ËÄmXsos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_"¿'³kP¬ZzøH×¡UTZjUO²
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! Ïhé # Ó¨m~}~=m5I2áx~}~}fh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îi?m­g áxkuvG~}m so{}áxruáhwÄs|iG{}â2soi?mâq{}â.{=â¨s|iGmáxnGs|g áxkLm¬áhwÄsoi?m­âonGv?váhpqsfhr?i?m~=váhwÄzfhpo{=áxn?â2vQmáhv?~}måi?á  fzsqs|m kuvGssoáLfhgé(r?áå~}mGxmiGmpomz  å¨áxn?~}~}{Béhm­soáªsoi,fhrJéÊ==Þ6poázw j­p j?~fzn?âxß¯ æ gji(n?m pqsw8áxpx{{=r?«kums|i?máxv?vQáxpqson?r?{=s§ãLáhwÄå¨áxp¢é{=r?afhrG&âqson?Gã{}r?å{=soi?{}r»fhr {=rts|mpqr,fzso{}áxr,fz~6gáx~=~fhQáxp|fAs|{}áhrÌ±{}rGg~}nG?{}r?fs|mr ç kLáxrts|i âysjfã»fzs«s|i?mlxw'l^wy"mX çvm po{=kum r(s¬{}r æ sjfhrGw8áhpoeÖvI.fz~}{=w8áhpor?{}fufhrGs|i?mPv?fhpqso{}g{=v,fzso{}áxr{}r©soi?magáhrGw8mpqmr?g m98K,poáxrts|{=mpqâ­{}rÞ6i(ãâq{}gâØ6uvuÕ;:{}r r fhâqi({=~}~}m¨Özîmr?r?m âoâqmmh©Þpqáhw8mâqâoáxp æ gji(n?QmpysPtfxmLkLmuf~=áhs¯áhw.hn?{},fzr?gmfhr?i?m~=våiGmr  gáxnG~}n?âom«{=sfzssoi?m¯m x{}r?rG{}r?ªáhws|i?ms|iGmâo{=â	ÌQfhr?fª~}áhsáhww8pom m?áxk áxr?gm i?fh©fzgä(n,fh{=r(somkãâom ~=wå{=s|is|iGm¯å¨áxpq~}áhwv,fhpqso{}g ~}m ç v?itãâo{}g âfhr,fh~ãâo{}â =Þ6poázw @­p HÓ2mpqr?i,fhpq æ v?fxfhruw8áhp¨i?{=âvm poâo{=âqsomrts.v?pqáGn?g so{=xmgpq{=so{}g{=âokmÌtfhr?ukfzr(ãLfzr?âqå¨mpqâs|áªv?itãâo{=gâänGmâqso{}áxrGâ= Þ6poáhw e­p eçmp|fz~}­»6{}xm rw8áxpfhgg mvGso{}r?ªs|áLfhgXsfhâs|i?msoi?{}pqpqm w8m pomm¯áhws|iG{}â?{}âqâom pqsjfAs|{}áhr±=2îiGm=<?>(@BAL|DCFEHGI@GJCf~|FKFGI>(EMLON>(K<?GiPAQ>(@(RS>(@BAST0UVKWCYXDZ(>(@(R\[]<_^<_Ta`­w8áhpsoi?mÚ,r,fhrGg{fz~âqn?v çváhpqsv?pqá*{=?mw8áxp.s|iG{}â.å¨áxpéÊ={}pqáîfhr?f6éAf¬w8áxps|iGmxááPg á ç áxvQmpofzs|{=áxrw8pqáxk soi?mv?pqáhw8mâqâo{}áhr,fh~?vQáx{}rtsáhwÊ{=m åÌ(?nGs4mâovQm çg{}fh~}~ãw8áxprnGkum poáxn?âxpomfzs­?fhpoQmä(n?m n?mâ±Ì±?{}âqgn?âqâo{=áxr?â	Ì±fhr?kufhrtãáhs|iGmp­fzg s|{{=s|{=mâmXãxáxrGv?itãâo{}g â=Òfh~}~áhsoi?mpakLmkP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